Background {#Sec1}
==========

The novel coronavirus disease (COVID-19) caused by SARS-CoV-2 has spread quickly: by April 26th 2020, 193.710 deaths worldwide had been reported by World Health Organisation (WHO) and COVID-19 has emerged as a very large-scale pandemic \[[@CR1]\]. Evidence suggests that advanced age is the most important predictor for fatal outcome \[[@CR2]\].

Coronaviruses represent a heterogeneous cluster of large single-strand RNA viruses, widely distributed among mammals and birds and grouped in the family of *Coronaviridae* \[[@CR3]\]. The genera of interest for humans are alpha and beta-coronavirus which compose the subfamily of *Coronavirinae*, along with gamma and delta coronavirus, not recognised as human pathogens \[[@CR4]\]. At the end of the second decade of the twenty-first century, the world has witnessed an outbreak of a novel coronavirus, designated SARS-CoV-2, and taxonomically allocated into the species of severe acute respiratory syndrome-related coronavirus (SARS-CoV), subgenus Sarbecovirus, genus *betacoronavirus* \[[@CR5], [@CR6]\]. The term coined to refer to SARS-CoV-2-related disease is COVID-19 \[[@CR7]\]. Droplets and close contact have been recognised as the main routes of transmission of COVID-19 virus \[[@CR8]\], though the fecal--oral route cannot be excluded \[[@CR9], [@CR10]\].

The COVID-19 clinical scenario is far from being homogenous. Indeed it ranges from milder symptoms such as fever, dry cough, and dyspnoea to acute respiratory distress syndrome (ARDS) which may, lastly, lead to death \[[@CR11]--[@CR13]\]. Furthermore, an asymptomatic course has also been reported, making infection containment more challenging \[[@CR14]\].

Among patients infected with SARS-CoV-2, several conditions are linked to increased virus susceptibility and elevated COVID-19 burden. As comorbidities often increase with aging, the elderly population may in turn experience a more severe COVID-19. Aging itself has been strongly associated with worse outcomes, because of the pathophysiological changes that characterize the respiratory system \[[@CR15]\]. Based on current epidemiological data, SARS-CoV-2-infected patients aged \> 80 show a greater risk of death in comparison with younger patients \[[@CR13], [@CR16]--[@CR18]\].

This review explores the impact of COVID-19 in the elderly, investigating features of SARS-CoV-2 infection in these subjects, and finally discusses the strategies to face this health emergency.

Methods {#Sec2}
=======

The review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist \[[@CR19]\] (Supplementary file). A systematic literature search was conducted by Medline, Embase, and Cochrane Database, including articles published in the last 20 years (from 2000 to 2020). Only the articles written in English were included. The following MESH terms were used: COVID-19, SARS, MERS, coronavirus, viral pneumonia, and Elderly. We, therefore, report a narrative review of the abovementioned research.

SARS-CoV-2 pathogenesis: implications for older adults {#Sec3}
------------------------------------------------------

Upper airways represent the entry site for respiratory infections including SARS-CoV-2 \[[@CR20]--[@CR25]\].

Whilst most of the patients succeed in overcoming the infection, others do not and aging represents a risk factor for poor outcome. Svartengren et al. showed, in individuals aged 19--81 years, an age-related decline in the clearance of inhaled particles in the small airway region \[[@CR26]\], suggesting this finding as one factor responsible for the high prevalence of respiratory symptoms among the elderly. The evidence of a gradual decrease in the number of cilia and ciliated cells in the airway with aging supports this hypothesis \[[@CR27]\]. Moreover, Martin et al. \[[@CR28]\] demonstrated that upper airway size decreases with increasing age in both men and women and that men have greater upper airway collapsibility than women. This could also represent another key-point in the explanation of the different prevalence of COVID infection by gender. Nevertheless, a progressive and relatively linear increase in nasal cavity volume with increasing age coupled with an age-dependent decrease of nasal resistance might represent determinants for a higher prevalence of COVID in the elderly population \[[@CR29]\].

After the early stages of respiratory infection, lung involvement may potentially progress toward more severe disease which is usually associated with acute respiratory distress \[[@CR30], [@CR31]\]. Furthermore, COVID-19 is known to affect many different organs other than lungs, and patients may develop non-respiratory symptoms \[[@CR32]\].

In common with other coronaviruses, SARS-CoV-2 uses its spike (S) protein, a main structural component of the viral particle, to attach to human cells. However, to achieve fusion, S protein requires priming by a host protease \[[@CR33], [@CR34]\]. Angiotensin converting enzyme-2 (ACE2) has been found to be the SARS-CoV-2 cell entry receptor while TMPRSS2, a cellular transmembrane serine protease, is employed by the virus for S protein priming \[[@CR35]--[@CR37]\]. In lung cells, by cleaving a single residue from angiotensin II (AngII), ACE2 generates its product AngI-VII which, in turn, down-regulates the inflammatory effects of AngII \[[@CR38]--[@CR40]\]. Upon viral entry, the spike proteins of both SARS-CoV and SARS-CoV-2 cause the internalization and degradation of ACE2 that critically contribute to lung damage \[[@CR41], [@CR42]\]. Decrease of ACE2 activity exacerbates the severity of lung injuries and inflammatory lung diseases \[[@CR42]\]. Type II alveolar cells are not the only ones to express ACE2: indeed, it has been detected on myocardium, kidney, urothelial, ileum, colon, esophagus, and oral mucosa cells \[[@CR43]\]. This may in part explain the multiple systemic presentations of COVID-19. Recent evidence suggests that while younger subjects may be more prone to get infected, lower levels of ACE2 in older patients may prompt more severe clinical behavior of COVID-19 \[[@CR44]\]. Furthermore, patients with more aggressive COVID-19 clinical behavior are more often in older age groups and may progress towards ARDS \[[@CR45]\]. In line with the data provided by the Istituto Superiore di Sanità (ISS), ARDS was observed in the majority of patients (96.8% of cases) dying in hospital \[[@CR18]\]. Notably, ARDS has been found to be higher in the elderly as well as in subjects with acute heart, liver, and kidney function disorders \[[@CR30], [@CR46]\].

In contrast with ARDS observed during other infections, in SARS-CoV-2-infected patients, a peculiar dissociation between hypoxemia severity and relatively well-preserved pump ventilatory mechanism was reported \[[@CR47]\]. Histological analysis performed on post-mortem lungs of COVID-19 patients is consistent with diffuse alveolar damage (DAD) \[[@CR32]\]. Furthermore, hyaline membrane formation, vascular congestion, and large areas of intra-alveolar hemorrhages have been described. A notable finding was the presence of CD61 + , presumably resident pulmonary megakaryocytes, within alveolar capillaries assumed to actively produce platelets \[[@CR48], [@CR49]\].

Inflammation emerges as a crucial process in SARS-CoV-2-infected patients. While a strong immune response may contain the infection, accumulating studies have reported worse outcomes related to the presence of an excessive number of cytokines and inflammation mediators. Leucocytosis, elevated ALT, lactate dehydrogenase, high-sensitivity cardiac troponin I, creatine kinase, d-dimer, prothrombin time, serum ferritin, procalcitonin, and IL-6 have been associated with death in a cohort of 191 patients infected with SARS-CoV-2 \[[@CR13]\]. Similarly, higher concentrations of cytokines have been reported in both ICU patients and non-ICU patients in comparison with healthy adults. Further evaluations showed that plasma concentrations of IL2, IL7, IL10, GCSF, IP10, MCP1, MIP1A, and TNFα were higher in ICU patients than non-ICU patients \[[@CR50]\]. The chaotic increase of excessive cytokines produces a cytokine storm which, along with disruption of anti-inflammatory mechanisms, may prompt an imbalance in coagulative axis resulting in fatal outcomes \[[@CR51]--[@CR57]\] (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Proposed risk factors and pathogenetic mechanisms underlying increased mortality among elderly with SARS-CoV-2 infection

Aging and comorbidities increase the susceptibility to viral infection {#Sec4}
----------------------------------------------------------------------

Immunosenescence represents a recognized feature of aging. As age advances, disruption of both innate and adaptive arms of the immune system has been reported. In addition, the elderly exhibit a continual production of inflammatory mediators and cytokines, also known as 'inflammaging' \[[@CR58]--[@CR60]\]. Furthermore, aberrant ciliary function and ciliary ultrastructural anomalies might jeopardize successful clearance of virus SARS-CoV-2 particles in older adults \[[@CR61]\].

A complex network between innate and adaptive immune effector cells is crucial for a competent response against microbes. Via Toll-like receptors (TLRs), antigen-presenting cells (APCs) recognize the strategic segment of microbe, known as pathogen-associated molecular patterns or (PAMPs), eliciting a secretion of different cytokines and synchronizing effector cells. Both expression and downstream signalling of TLRs seem to be impaired in elderly people leading to an improper immune response \[[@CR62], [@CR63]\]. However, an upregulation of TLR-4 in monocyte‐derived dendritic cells appears to favor inflammation in elderly \[[@CR64]\]. Intriguingly, an overactive immune system may explain the adverse contribution of hypertension in SARS-CoV-2 infection. TLR4 expression, the same augmented in the elderly, has been reported to be increased in hypertensive models whilst T-cell function is surprisingly depressed. Conversely, an anti-TLR4 treatment ameliorates inflammation; while, a decline in blood pressure levels is reported once T-cell function is restored \[[@CR65], [@CR66]\]. Viral infections, especially those responsible for chronic or latent infections, are suspected to influence T-cell functions in elderly. A negative correlation between CD4/CD8 T-cell ratio and severity of frailty in the elderly has been reported \[[@CR62], [@CR67], [@CR68]\]. However, the behavior of the CD4/CD8 ratio in COVID-19 elderly patients must be fully explored. The number of circulating 'competent' B cells has been shown to significantly decrease with age, whilst the percentage of terminally differentiated and senescent memory CD27-B cells increases in the elderly \[[@CR69]\]. In many previous studies, the impact of this decline on the immune system responses to viral infections has been extensively investigated. Cumulative incidence of influenza virus was highly reported among children although more influenza-attributable hospitalizations were recorded in the elderly \[[@CR70]\]. Annual vaccination against influenza is recommended for persons with comorbidities, older adults, and caregivers; nevertheless, significant mortality in people aged 65 or over is observed \[[@CR71]\]. Though vaccines do not succeed in eradicating influenza, their positive effect, in modulating infection and preventing complications and sequelae including pneumonia, other bacterial infections, and even death, must be acknowledged \[[@CR72]\]. Unfortunately, the effectiveness of vaccines among older people against influenza-like illness has been reported to be reduced in comparison with younger subjects, reflecting an impairment of both effector memory T cells and efficient B cells \[[@CR64], [@CR73], [@CR74]\]. Questions upon the impact of these features on the COVID-19 course in elderly patients remain.

Sex-related issues in elderly COVID-19 patients {#Sec5}
-----------------------------------------------

In addition to a higher susceptibility due to aging, epidemiological studies revealed sex-specific differences in the incidence and mortality in humans after SARS-CoV and SARS-CoV2 infection, with males experiencing higher mortality compared with females \[[@CR75]--[@CR78]\]. Interestingly, this sex-dependent increase in disease severity after pathogenic CoV infection is more pronounced with advancing age \[[@CR75], [@CR77]\].

Early studies from pre-clinical models investigated about the sex-related differences in virus susceptibility and disease severity. Xie and coworkers have shown a significant reduction of ACE2 expression in old rats of both genders compared to both young adult and middle aged (*p* \< 0.001). However, a relatively higher expression of ACE2 has been reported in old female rats compared to old males (*p* \< 0.05), with no significant difference in ACE2 content between genders in younger groups \[[@CR79]\].

Indeed, the ACE2 gene may be transcriptionally regulated by DNA methylation \[[@CR80]\]. The DNA methylation of this gene results in gene repression and angiotensin converting enzyme upregulation \[[@CR81]\].

The localization of ACE2 on the X chromosome \[[@CR82]\] raises the possibility of gender differences in susceptibility and progression of COVID 2019 \[[@CR75], [@CR83]\]. In particular, the ACE2 gene could possibly experience differences in methylation due to X chromosome activation. Recently Fan et al. demonstrated that, in humans, sex may significantly influence different aberrant methylation of the ACE2 promoter, which might explain the increased risk of COVID-19 infection in men \[[@CR84]\]. DNA methylation is also associated with being a potential driver of biological aging \[[@CR85]\]. Moreover, sex chromosomes undergo differential methylation changes during the aging process compared with that on autosomal chromosomes \[[@CR86]\].

Indeed, recently Jin et al. showed that older age is a predominant risk factor for severity and morbidity in patients with COVID-19. While males and females have the same susceptibility to COVID-19, male patients may be more prone to dying independent of age \[[@CR85]\].

Different responses of males and females to several RNA and DNA virus infections \[[@CR86]\] represent another compelling factor. A possible explanation of these differences might be found in a different gender-oriented immunological response. Using a mouse model of SARS-CoV infection, Channappanavar et al. showed that male mice are more susceptible to SARS-CoV infection than female mice. The enhanced susceptibility of male mice to SARS-CoV correlated with a moderate increase in virus titer and extensive inflammatory monocyte macrophages and neutrophil accumulation in the lungs \[[@CR87]\].

Males generate less robust immune responses and are more susceptible to infectious agents \[[@CR86]\]. In fact, aging males experience a more dramatic decrease in total numbers of T and B cells and larger increases in senescent CD8 + T effector memory cells as compared with females \[[@CR88]\]. Also, a larger proportion of elderly men show an inverted CD4/CD8 T-cell ratio compared to women of the same age \[[@CR89]\]. Also, the proliferative and cytokine secretion capacity of T cells of older men is diminished more so than older women \[[@CR90]\].

All these findings could explain at least in part the higher COVID-19 incidence and mortality in elderly men than in elderly women.

COVID-19 in the elderly: clinical presentation and therapeutic challenges {#Sec6}
-------------------------------------------------------------------------

### Clinical characteristics {#Sec7}

Liu et al. \[[@CR46]\] analyzed the clinical characteristics of elderly patients with COVID-19 to dissect differences between elderly and younger patients. The most common symptoms in both groups were fever, cough and sputum; concomitant less common symptoms were runny nose, headache, diarrhea. The Pneumonia Severity Index (PSI) score of the elderly group was higher when compared to the young and middle-aged group: the proportion of patients with PSI grade IV and V was significantly higher in the elderly group. Among elderly patients, it should be noted that the percentage of patients complaining of more severe dyspnea and tachypnea was higher in non-survivors, while fever and headache were more common in survivors \[[@CR2]\]. Atypical presentation in older adults may include delirium, low-grade hyperpyrexia, and abdominal pain, complicating the diagnostic course \[[@CR91]\].

### Laboratory findings and CT Imaging {#Sec8}

Routine blood tests are widely used in diagnosing and monitoring the course of COVID-19. In a single-center retrospective study, no significant differences in white blood cell count, neutrophil ratio, procalcitonin, hemoglobin level, platelet, and serum creatinine were observed in the elderly group of patients. However, the proportion of lymphocytes resulted significantly lower in the elderly compared to young and middle-aged groups; conversely, C-reactive protein was significantly higher in older patients \[[@CR46]\]. Interestingly, laboratory parameters may potentially screen at-risk patients whose disease burden is not self-limiting. Indeed, the comparison of laboratory findings between the survival and the dead group in elderly patients, based on 4-week follow-up, showed that neutrophils were significantly increased; while the lymphocytes, monocytes, and platelets were decreased among deceased patients. The prothrombin time was significantly prolonged along with serum urea, creatinine, D-Dimer, myocardial markers increase which was observed in the dead group \[[@CR2]\].

Amongst the aforementioned diagnostic tools, chest imaging represents the cornerstone for detecting lung abnormalities during viral infection \[[@CR92], [@CR93]\]. A previous study documented that chest CT scan has higher sensitivity for the diagnosis of COVID-19 than initial reverse-transcription polymerase chain reaction (RT-PCR) \[[@CR92]\]. Typical features of COVID-19 CT presentation include bilateral multilobar ground-glass opacification (GGO) with a peripheral or posterior distribution, mainly in the lower lobes \[[@CR94]\]. Atypical initial imaging presentation of consolidative opacities superimposed on GGO may be found in a smaller number of cases, mainly in the elderly population. The multiple lobe involvement was more common in the elderly group than in young and middle-aged group \[[@CR94]\].

### Pharmacological and non-pharmacological scenario {#Sec9}

Comorbid conditions and polypharmacotherapy have major implications in elderly COVID-19 patients resulting in a particularly multifaceted therapeutic management. Careful assessment of biological emunctory activity and drug selection based on relevant side effects should be prompted.

Firstly, anti-retroviral drugs (mainly lopinavir/ritonavir) are associated with gastrointestinal distress such as nausea, diarrhea, and hepatotoxicity. These adverse effects may be exacerbated by combination therapy and liver injury related to COVID-19; so, they should be relatively contraindicated in frail patients with an underlying hepatopathy. Furthermore, a randomized open-label trial of lopinavir--ritonavir treatment in hospitalized patients with severe Covid-19 showed no clinical improvement or impact on mortality, beyond the standard care \[[@CR95]\]. Remdesivir is a nucleoside triphosphate analog with antiviral activity against a broad spectrum of human and zoonotic coronavirus, both in cell cultures and mouse models, including SARS-CoV, MERS-CoV, and SARS-CoV2 \[[@CR96]\]. Effectiveness data from a multicenter cohort study suggest that remdesivir use might be beneficial, as 36 of 53 patients (68%) showed an improvement in the category of oxygen support after the first dose administration. However, the study was limited by the small number of patients, lack of randomization, and the absence of rigorous inclusion/exclusion criteria. Additionally, 60% of patients developed side effects, including raised hepatic enzymes, diarrhea, rash, renal impairment, and hypotension \[[@CR97]\]. Remdesivir is contraindicated in patients with an estimated glomerular filtration rate below 30 mL/min. Therefore, the elderly might experience harmful related effects and this should be considered before starting the treatment.

Among treatments experimented during COVID-19 pandemic, chloroquine and hydroxychloroquine have been widely used based on early studies which suggest potential anti-viral activity along with anti-inflammatory effects \[[@CR98], [@CR99]\]. These agents are relatively well tolerated, but can cause rare and serious adverse effects (\< 10%), including QTc prolongation, hypoglycemia, neuropsychiatric effects, and retinopathy. Baseline and follow-up electrocardiography are currently recommended especially in critically ill patients and in those taking concomitant QT-interval prolonging agents (e.g., macrolides and fluoroquinolones). However, very recent clinical data from a retrospective multicenter study documented a lack of significant benefit in hospitalized patients treated with hydroxychloroquine alone or in combination with azithromycin \[[@CR100]\].

Corticosteroids, especially methylprednisone, have been used to counteract the inflammatory response of COVID-19 patients with severe pneumonia and/or ARDS. However, in elderly patients, their benefits may be outweighed by metabolic side effects, which can precipitate pre-existing comorbidities including hypertension, diabetes, risk of bone fractures, psychiatric alterations, and cataract \[[@CR101]\]. Interferon nebulized inhalation, used in patients with respiratory symptoms, was reported to induce faster cough relief in elderly patients, and such effect seems to be more relevant when compared to young and middle-aged groups \[[@CR102]\].

Tocilizumab, an IL-6 receptor antagonist, has been used in a small series of severe COVID-19 cases. Superimposed infections are the most frequent type of adverse events observed after the administration of Tocilizumab: diabetes, age ≥ 65 years, a history of previous infections, and corticosteroid use have been associated with increased susceptibility of developing a severe infection \[[@CR103]\]. Several clinical trials are currently ongoing (NCT04346355, NCT04331795, NCT04332094, NCT04377659, NCT04335071, NCT04377750, NCT04317092). Advanced age is generally not an exclusion criterion per sè in the aforementioned trials, though patients with advanced liver, heart, or kidney disease are commonly excluded.

Autopsy evidence of higher incidence of deep vein thrombosis (DVT) and pulmonary embolism (PE) in patients with COVID-19 \[[@CR31], [@CR104]\] has prompted attention on thromboprophylactic agents---also based on potential anti-inflammatory effects of heparin. However, recent evidence suggests that only patients with sepsis-induced coagulation score ≥ 4, or with D-dimer levels above 3.0 µg/mL (sixfold of upper limit of normal) might benefit from anticoagulation \[[@CR105]\]. Furthermore, based on the evidence that, in COVID-19 patients treated with antiviral drugs, direct oral anticoagulants (DOACs) plasmatic concentration increases up to 6.14 times during the hospitalization, DOACs replacement with alternative parenteral antithrombotic strategies needs to be considered \[[@CR106]\].

Another postulated mechanism interfering with SARS-CoV-2 infections is based on ACE2 modulation. ACE inhibitors (ACE-Is) and angiotensin receptor blockers (ARBs) are commonly used among older adults to treat systemic hypertension, for preventing diabetic nephropathy or hearth remodeling in ischemic heart disease \[[@CR34]\]. Early data in rat models suggest that these agents may prompt a possible retrograde feedback mechanism by which ACE2 receptors are upregulated \[[@CR107], [@CR108]\]. The possible positive role of ACE-Is or ARBs in limiting ARDS inflammation pathways activated by the virus entry has been postulated \[[@CR38]\]. Recent data from a retrospective cohort study support the use of ACE-Is/ARBs based on evidence of reduced all-cause mortality. International recommendations, at this time, suggest against ACE-Is or ARBs discontinuation at this stage \[[@CR109]--[@CR113]\].

Immobilization, muscular deconditioning, fatigue, and dyspnea are common among elderly patients hospitalized for COVID-19. Early in-hospital pulmonary rehabilitation should be considered as a minimum of clinical stability is achieved. Prolonged physical activities in home-based settings after patients discharge would be potentially beneficial \[[@CR114]--[@CR118]\]. Finally, despite optimized medical treatment, some patients with end-stage COVID-19 pneumonia progress to irreversible loss of lung function \[[@CR119]\]. A report of two successful lung transplantations of critical elderly patients with severe COVID-19 pneumonia was described, though authors do not recommend lung transplantation in patients with positive viral RNA tests \[[@CR120]\].

Nursing homes and palliation {#Sec10}
----------------------------

There is growing apprehension regarding elderly living in long-stay residential care homes (LSRCHs), where close contact between residents and the staff might fuel transmission \[[@CR121]\]. As of 14th April 2020, 40.2% of 6773 subjects deceased in LSRCHs showed respiratory symptoms in accordance with an ongoing analysis launched on 1st February 2020 in Italy \[[@CR122]\]. Several factors may concur resulting in increased risk for LSRCHs epidemic during the early stages of the SARS-CoV-2 outbreak. First, the ratio of health personnel/residents is generally limited and not adequate to sustain in emergency situations \[[@CR123]\]. Second, lack of personal protective equipment, poor swab availability, absence of prompt health care guidelines to minimize the infection spread, lack of available drugs were reported in 82.7%, 46.9%, 19.9%, and 10.3% \[[@CR124]\]. Furthermore, the imbalance between the caregiver and the number of residents is further accentuated as nursing staff are missing due to sick leave or mandatory quarantine or due to fear of working without the appropriate personal protective equipment \[[@CR125]\]. WHO developed guidelines for patient management in LSRCHs \[[@CR126]\]. Main recommendations include: produce a training protocol and nursing management; assure well-defined rules for containing visits and social distancing; provide adequate resources to contain the spread of the infection, in any case, ensure good palliative support therapy if the residents are infected. Particular importance is reserved for the support of health care workers and caregivers, guaranteeing physical, psychological, and mental security to work well, preventing excessive anxiety and worries \[[@CR127]\]. To improve the functioning of these structures and ensure a high quality of services, they should have a greater geriatric imprint and be integrated within the basic health vices \[[@CR128]\]. However, restrictive measures impact the patient who feels abandoned, frightened, and perhaps not even able to understand the situation or remember the safeguard procedures. This problem affects even more those patients with major cognitive deficits and dementia \[[@CR129]\]. It is essential to provide these patients with good psychological support. Isolation at home, or in nursing homes, causes an exceptional change in their habits, and feelings such as fear, anxiety, and loneliness can lead to real depression \[[@CR130]\]. Living isolated from daily activities, without the ability to access the most modern telecommunication services, determines an altered perception of reality, a change in the sleep--wake rhythm, risking to flow into forms of real delirium \[[@CR131]\]. This situation can also cause trauma, with secondary post-traumatic stress syndrome. All these elements can lead to an acceleration of cognitive decline, with an important risk of suicides \[[@CR132], [@CR133]\]. In China, five organizations promptly issued recommendations on how to provide psychological and psychiatric support, with, for example, free counseling services for elderly patients with dementia and their caregivers. This seems to have minimized the impact of the side effects of COVID-19 \[[@CR129]\].

The rapid progress of the emergency and the need to treat a large number of patients in ICU in a short period led to rapid exhaustion of the beds, with very long hospital stays. When resources are not sufficient, access to the ICU is not guaranteed for everyone. The Italian Society of Anesthesia Analgesia Intensive Care (SIAARTI) has drawn up the guidelines for managing ICU admissions in a COVID-19 emergency suggesting reduced ICU access to patients with a limited life perspective \[[@CR134]\]. The most effective palliative care must be ensured to endure, both physically and psychologically, the end of life, as widely recommended by the World Health Organization \[[@CR135]\]. On April 2, 2020, the Italian Palliative Care Society (SICP), the SIAARTI and the Palliative Care Federation (FCP) issued a Position paper 'Palliative Care in Treatment of the sick Covid-19/Sars-Cov-2 \[[@CR136]\]. This document outlines the treatments for those patients who are not candidates for intensive care, in whom the symptoms become unbearable. It is recommended that healthcare institutions include palliative care protocols in COVID-19 care pathways for regional and local palliative care networks. Furthermore, palliative care management should be included in the regional and local Crisis Units for coordinating different health care settings (hospital, home, RSA/RSD and other types of hospitalization). It is a good clinical practice, but above all a deontological and legal duty to alleviate the suffering also in this type of patient in the final stages of life \[[@CR136]\].

Finally, at this time, there is lack of knowledge about the sequelae which may be prompted by COVID-19 (e.g., interstitial lung disease or chronic thromboembolic pulmonary embolism). Follow-up studies will offer new insights into identifying the long-term consequences of this pandemic.

Conclusions {#Sec11}
===========

Elderly patients are particularly susceptible to adverse clinical outcomes in SARS Cov-2 infection and assessment and treatment is challenging. Based on the current data, an individualized approach should be offered to older adults targeting the beneficial and negative effects of therapeutic decisions. Long-stay residential care homes and hospitals need to urgently design adequate health care plans for elderly patients. Frailty needs to be addressed to provide the most effective therapeutic options in COVID-19. Until more progress in treatment is achieved, it is recommended that the elderly population should remain shielded during COVID-19 outbreaks.

**Publisher\'s Note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Fabio Perrotta and Graziamaria Corbi equally contributed to the article.

AB, GC, FP, GeM and RP contributed to conceptualization. FP, GC, AB drew the manuscript outline. FP, GC, KK, GrM, LA, MB, VDA reviewed the literature and wrote the original draft. FP, GC, GeM, RP and AB revised the original draft. All authors have read and approved the final version of the manuscript. FP is the guarantor of the paper. All authors have read and approved the final version of the manuscript.

The authors have no funding.

The authors have no conflict of interest to declare with the present manuscript.

Not applicable.

Not applicable.
